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Abstract

In this study ZnS thin film was prepared by using thermal evaporation vacuum technique
under the pressure (10'6) Torr on glass substrate at room temperature and annealing at 523 K
Samples were irradiated to CO, laser of power (1 watt) and wave length (10.6) um at distance 10
cm from the source during (5 sec). The absorbance spectra was recorded by using UV-visible
spectrophotometer and used to calculated some of optical properties investigated including their
transmittance, reflectance spectra, energy gap, and extinction coefficient. From the result of thin
films samples at room temperature and at 523 K, we conclude that the irradiation by laser causes
a decrease in the transmittance and increasing in reflection and extinction coefficient and the
irradiation leads to an increase in energy gap.

Introduction

The thin film technique is one of important methods which is interested in the development
and study of semiconductor material.

The study of material properties lead to draw attention physicians toward this technique, from
the second half of seventeenths centaury, many of researches were taken out in the field [1, 2].In
the nineteenth century there has been an improvement in the experimental part of thin film [3,
4].The thin film is one layer or many layers for sp ecific material in the range of tens nanometers
thickness in some of micrometers [5].

Metal chalcogenides (sulfides, tellurides and Selenides) are of great importance for research
because they are potential candidates for optoelectronic application such as photo detectors, solar
cells, and thin film transistors etc [6].

Zinc Sulphide is an important II-VI group semiconductor with a large direct energy gap of
(3.50-3.70) eV in the UV range, direct energy gap Eg = 3.68 eV for bulk ZnS [7]. It is used as a
key material for light emitting diodes and other optoelectronic devices such as electroluminescent
displays, Cathodoluminescent disp lays and multilayer dielectric filters. ZnS is highly suitable as a
window layer in hetrojunction photovoltaic solar cells; because the wide band decreases the
window absorption loses and improves the short circuit current of the cell. In the area of optics,
ZnS can be used as a reflector, because of its high refractive index (2.35), and a dielectric filter
because of its high transmittance, in the visible range [7, 8, and 9].

ZnS was studied by M.Y. Nadeem and W. Ahmed. They found that ZnS thin films grown
here have energy gap in the range (3.51 -3.84 )eV and found that the refractive index increased
for prepared thin film[ 10]. J.P. Borah and K.C. Sarma  found that ZnS nanocrystalline films
grown on glass substrates using PVA as matrix ,also found that thin films wauld be
photosensitive. The films kept in air adsorb oxygen from air and they found that their resistance
increases as observed from I/V characteristics. SEM study indicated a nanoparticle formation in
thin film [9]. Vipin Kuma, , M.K. Sharm, J. Gau and T. P.Sharm show that the energy gap of
ZnS sintered film comes out to be 3.50 eV. The films of ZnS are found to be polycrystalline in
nature and have hexagonal wurtzite structure. It has been observed that the electrical resistivity
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and activation energy of ZnS comes out to be 0.370+10°0hm cm and 0.80 eV respectively. The
conduction in ZnS film is through thermally activated process [7].

Among molecular lasers, the CO, laser is of greatest practical importance. The high level
of efficiency with laser in which laser radiation can be generated in continuous wave (CW) and
pulse operation is its most fascinating feature. In atom and ion lasers, laser radiation is the result
of the electron transitions close to the limit for single or double ionization. The infrared radiation
of the CO, laser on the other hands is the result of the energy exchange between rotational-
vibrational levels within the electron ground level [11].

The objective of this research is to study the behavior of the material (ZnS) before the
effect of laser radiation and what happen after irradiation by CO, laser

Experime ntal and theoretical part

ZnS thin film was prepared by using thermal evaporation vacuum technique under the
pressure (10'6) Torr on glass substrate at room temperature. Thickness of the films has been
carried out by weighting method and the measured thicknesses were about (300 nm) then the
films were annealed at 523K by using electric oven. Samples were irradiated to CO, laser of
power (1 watt) and wave length (10.6 um) at distance (10 cm) from the source during (5 sec).
The absorbance ad transmission sp ectra were recorded using uv-visible sp ectrophotometer type
centra-5 in the range of wave length (180-1100) nm at room temperature .Some of optical
properties was calculated from absorbance and transmittance spectra. The transmittance (T) was
calculated from the relation[12]:

T=Log /A .o (D)

Where A is the absorbance. The reflection from the surface of the prepared thin films was
calculated from the relation [12]:

R=1-A-T .o (2)
The extinction coefficient K- was calculated from the relation [13]:
Ke=0MAT. o 3)

Where A is the wave length and a is absorption coefficient. The relation between the
absorption coefficient and photon energy hv is given by [14]:

ahv=A (h-E£E,)".........coooo 4)

Where E, is photon energy and E, is the energy gap in a direct transition and (n) is equal
to 1/2.

Results and Discussion

1. Transmittance

The plot of transmission data versus wave length (um) is shown in figure (1). We can see the
maximum value for transmission at room temp erature before irradiation with CO, laser is 0.999%
at wave length 0.184 pum that means at (UV) and the maximum value for transmission after
irradiation with laser is 0.998% at the wave length 0.4 um (visible region) as shown in figure (2),
so we can note the transmission is decreasing after irradiation with laser because laser causes to
rearrange the atoms.

Figure (3) represents the transmittance as a function to wave length (um) with annealing

at 523K before irradiation with laser, so we note the maximum value of transmission is 0.9997%
at the wave length 0.4 pm. We note a small increase in value of transmission before and after
annealing, the maximum value in transmittance happened in visible region, while figure (4)
represents the transmission as a function to wave length (um) with annealing at 523 K after
irradiation with laser and the maximum value for transmittance is 0.9999 % at the wave length
0.488 (um). So we can note an increase in the transmittance value and shifting in wave length
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because laser causes crystal defect in the sample after irradiation ,this defect causes to
increase the localized electronic states which increasing the absorption and decreases the
transmission .

(2) Reflectance

Figure (5) shows a plot of reflectance against wave length (um) it can be noticed that the
maximum value of reflectance before irradiation with laser at room temperature is 0.033% at the
wave length 0.304 pm and after irradiation the maximum value is 0.058 % at the wave length
0.304 (um) as shown in figure (6). And we note an increase at reflection after irradiation .We can
explain this increase in the reflectance value because some of sub levels appeared in the crystal
lattice for ZnS lattice.

Figure (7) shows the reflectance as a function to wave length (um) with annealing in 250
'C before irradiation with CO, laser. In this plot we note the maximum value for reflectance is
0.0168 % at the wave length 0.296 (um) and figure (8) represents the reflectance as a function to
wave length (um) and the maximum value is 0.0137 % at the wave length 0.296 (um), that is
means the reflectance is decreasing after irradiation with laser .This decrease may be happened
because the transmittance was increased.

3 .Extinction Coefficient

Figure (9) shows the behavior of the extinction coefficient versus wave length (um). It
can be noticed that the maximum value for extinction coefficient before irradiation with laser is
0.000166 at the wave length 0.304 (um) and after irradiation the maximum value for extinction
coefficient is 0.00031 at the same wave length 0.304 (um) as shown in figure (10) .This
increasing was happened because the absorption was increasing and the relation between the
absorption coefficient and extinction coefficient is linear.

Figure (11) shows the extinction coefficient as a function of wave length (um) with
annealing 250 °C before irradiation with laser the maximum value is 7.97:10” at the wave len gth
0.296 (um), and figure (12) represents to the extinction coefficient as a function of wave len gth
(um) with annealing in 250 C after irradiation with laser and the maximum value is 6.47:10™ at
the wave length 0.296 (um). And we note the value for extinction coefficient is decreasing after
irradiation with laser because the relation between the absorption coefficient and extinction
coefficient is linear.

4. Energy gap

a plot of (OLhU)2 as a function of photo energy is show in figure (13) which represents the
direct optical forbidden energy gap to allow direct electronic transmission at room temperature
before irradiation with laser and the value of this gap is 3.45 eV, and figure (14) represents the
direct optical forbidden energy gap to allow direct electronic transmission at room temp erature
after irradiation with laser and the value of this gap is 3.62 eV. This result coherent with
theoretical direct energy gap[7] . We note the increase in energy gap value this increase in gap
may be happened because some of crystal defects were appeared in crystal lattice after irradiation
with laser. These defect caused the increase of the density of localize states in the E, .

Figure (15) shaws the relation between (ochv)2 as a function of photon energy from this
relation we calculated the value of energy gap in (eV) with annealing in 250 'C before irradiation
with laser which equals to 4 eV. And figure (16) represents the relation between (ochv)2 as a
function of photon energy from this relation we calculated the value of energy gap in (eV) with
annealing in 250 'C after irradiation with laser which equals to 4.15 (eV), this increase in energy
gap may happen in result because some of crystal defects appeared in crystal lattice after
irradiation with laser for the same reasons we mentioned before.
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Conclusion

1. Irradiation with CO; laser leads to a decrease in the transmittance

2. Reflectance and extinction coefficient increase after irradiation with laser, which means the
absorption is not attributed to the free carriers only, but to defect or localized electronic states

3. The laser radiation causes the increase in energy gap.
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Fig.(1) transmittance as a function to wave length at
room temperature before irradiation
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Fig.(2) transmittance as a function to wave length at
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Fig.(4) transmittance as a function to wave length at



IHIPAS
IBN AL- HAITHAM J. FORPURE & APPL. SCI. VOL23(3)2010

0.035 1
0.03 1
0.025 -
0.02 1
0.015 A1
0.01 1
0.005
0 . T T .
0 0.2 0.4 0.6 0.8 1 1.2

Wave length (um)

Reflectance (%)

Fig.(5) Reflectance as a function to wave length at room
temperature before irradiation
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Fig.(6) Reflectonce as a function to wave length at room
temperature after irradiation
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Fig.(7) Reflectonce as a function to wave length at 523 K
before irradiation
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Fig.(8) Reflectonce as a function to wave length at 523 K
after irradiation
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Fig.(10) Extinction coefficient as a function to wave
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Fig.(11) Extinction coefficient as a function to wave
length at 523 K before irradiation
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Fig.(12) Extinction coefficient as a function to wave
length at 523 K afterirradiation

0.0006 -
0.0005 -
0.0004 -
0.0003 -
0.0002
0.0001 +

0 T T T T T T T T 1
0 05 1 15 2 25 3%.5 4 45
Photon energy (eV)
Fig.(13) Optical forbidden energy gap for direct electronic
transmission at room temperature before irradiation with laser

(ahv)z (cm'l*eV)Z




IHIPAS

IBN AL- HAITHAM J. FORPURE & APPL. SCI. VOL23(3)2010

0.003 -
0.0025 -
IS
S 0002-
*®
~ 00015 -
s
& 0.001 1
(M
2 0.0005 -
~
S 0 -
0

05 1 15 2 25 3 3 4 45

Photon energy (eV)

Fig.(14) Optical forbidden energy gap for direct electronic
transmission at room temperature after irradiation with laser
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